AD-A179 732 INVESTIGRTION OF SUPERRADIANT LDY MARKERS AND 14
e REE COHPOMENT VELOCITV HRPPING(U) VRLE UNIV NEH HRVEN
T OF APPLIED PHYSIC
UNCLRSSIFIED RFOSR TR-87-0564 F49620- 85 K- 0 G 9/3




+
i

ey
e

iz s Hes

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU Df <TANGARDS 196 A




.

L]
WA

. 19

- ) T s k
e 0N _EiLe: & i
= AD A 179 732 IEPOKRT DOCUMENTATION PAGE | tI
o . 10. RESTRICTIVE MARKINGS ;:'_
Y Uuclassified None
R -~ 2a SECVUAITY CLA-SSIFUCA'NJN AUTHORITY J. DISTRIBUTION/AVAILABILITY OF REPORT ]
o 0. DECLASSIF\CATIONDOWNGRADING § Distribution unlimited; approved for "
. ' ' ‘ CnEouLE public release -3
w -.‘. . ..
s':_:..: 4 PEREFOAMING ORGANIZATION REPOAT NUMBER(S) S. MONITORING ORGANIZATION REPOART NUMBEN(S) \
o AFOSR-TR- 87-0564 N
) 6a c'ATE OF PERFORMING ORGANIZATION b OFFICE SYMBOL |7e. NAME OF MONITORING ORGANIZATION F
‘ale Urniversity (If applicadie) Alr Force Office of Scientific Research ra
Section of Applied Physics ¥
‘O 6c. ADORESS (City. State and ZIP Code) 70. ARDAESS (City, Stase and ZIP Cods) <
P.0. Box 2157, Yale Stati B A E 8
- <V, , on Bolling AFB DC 20332-6448 Y
> New Haven, CT 06520-8167 8 =B C-CT .
e Ss. NAME OF FUNDING/SPONSORING 80. OFFICE SYMBOL [9. PROCUREMENT INSTRUMENT IDENTI Kl
s ORGANIZATION (If applicabie) N
- Afir Force Office of Sci. Res. | AFOSR/NA F49620~85-K-0002
; :’:_.: g.‘, (:F““ aond ZIP Coda) 10. SOURCE OF FUNDING NOS. :
e Bol ng AFB DC 20332-6448 PROGRAM PROJECT WORK UNIT -3
L ELEMENT NO. NO, NO. NO. '
:‘ 1. TITLE (nclude Secunty Clasnificetion) 61102F 2308 A3 ,
.::: Invisticghen @Y Seperfaaiinignt Ly arkors dacy e b pee nd vk docs AR ST 1

;u 12. PEASONAL AUTHOR(S) )

:.»:'_ Chang, Richard K. B
13a YYPE OF AEPORT 1. TIME COVERED 14. OATE OF REPQORT (Yr., Mo., Dey) 18. PAGE COUNT *
Annual rmom 1/1/86 v012/31/86 1/30/87 11

18. SUPPLEMENTARY NOTATION

:;_ COSATI CODES 18 SUBJECT TERMS (Continue on reverse if necemery and identify by dlock number) '-
J' Si1ELD GROUP SUB. GA. Spray Nonlinear Optical Spectroscopy
a 21 02 quplets Laser-Induced Explosion ~
. 20 13 Stimulated Raman Scattering Plasma Spectroscopy
:‘.-\ 19. AGSTAACT (Continue on reverse if necessary end identify by bloch number) :'
:::‘?' The major progress in the second year of AFOSR research has been in the area v
r of ‘high-intensity laser beam interactions with single transparent mic_rometer—size :
5 déqplets flowing in a linear stream,» Motivated by our interest in in-situ and )
a2 > real-time diagnostics of the chemical species contained within droplets of sprayse. -~
-::-. we have continued the study of the nonlinear spectroscopy of single droplets. .o
K. . hsaving observed such nonlinear effects as lasing, stimulated Raman scattering, -
:-:::- coherent anti«Stokes Raman scattering, and coherent Raman mixing when two input Py
[- <. vump beams are present, we directed our-research efforts. toward exploring the o,
limits of high-intensity irradiation of micrometer-size transparent droplets.
Two effects were. considered in-detail: (1) the intensity-dependent index of 4
refraction of the liquid, which can lead to self-focusing of the laser beam - >
- 't
(Continued) R ;
20 OISTRIBUTION/AVAILABILITY OF ARSTAACT 21. ABSTRACT SECURITY CLASSIFICATION J
uncLassimigoruneivmted @ sams as ner. O oricusens O Unclassified ‘
L SAY X
’ q
e 220 NAME OF RESPONSIBLE INDIVIDUAL 220. TELEPHONE NUMBER 22c. OFFICE SYMBOL
:,\ fulien M. Tishkoff tnclude Area Code) ':
,,\.-é Julian M. Tishke (202)767-4935 AFOSR/NA <]
R R s
;J: DD FORM 1473, 83 APR S0ITION OF 1 JAN 73 18 OBSOLETS. Unclassified +
{ ] ’ SECURITY CLASSIFICATION OF THIS PAGE -

h!
22
)

5%
4

s

‘i'\'\

“-r-.' TN e
e e e R AR




. R S T L L Y] P At et a -, -

Unclassified
SECURITY CLASSIFICATION OF THi§ PAGE
- —
19.. Abstract (Cont'd) -
,\ IR
\
w1th1n the droplet and to broadening of the Raman radiation and elastic scatter-
ing due to phase modulation within the droplet; and (2) laser<induced dielectric
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": RESEARCH OBJECTIVES
! Following is a brief description of our three principal research
i} objectives.
" 1. To investigate the feasibility of using bright lasing markers for
:& flow diagnostics. The wavelength-shifted emission from the lasing
:3 markers can be optically isolated from the nonwavelength-shifted
- background caused by the turbulent medium and/or container walls.
': The laser emission from the droplets emerges in all directions and
.ﬂ thus does not place a restriction on the observation angle as in
L
{j the case of conventional markers which rely on the elastic
? scattering from the markers,
2. To investigate the possibility of using in-situ and real-time

nonlinear optical spectroscopy [such as stimulated Raman scattering
af (SRS), coherent anti-Stokes Raman scattering (CARS), and coherent
: Raman mixing (CRM)] to provide molecular specific information

within a single droplet. Because these nonlinear optical diag-
;: nostic techniques have successfully provided species-specific and
? temperature information in gaseous samples, it is desirable to
fé extend similar nonlinear spectroscopic techniques to determine the
.E chemical species contained in flowing single droplets, e.g., the
‘5 droplets belonging to the spray of a two-phase combustor., Since
; increased input intensity leads to an improved signal-to-noise
‘é ratio in the spectra, the laser-induced breakdown limits of the
) liquid and the gas surrounding the droplet need to be understood.
] 3. To explore the possibility of combining time-coded multipulse laser
; volume holography and optical pattern recognition schemes to ﬁ;s
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determine the spatial displacement of many markers in a large ;
sample during t, t + At, ..., t + 5At. Simultaneous determination
of the three components of velocity from multiple points in a ::
three-dimensional flow in combustion/turbulence diagnostics can be

achieved by this approach,
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: Our research results for the second year of the project can be
. summarized as follows:
. 1, Lasing Droplets

Color photographs of individual droplets undergoing lasing and SRS
action have appeared in two journals [Science (publication #1) and in
Optics News (publication #2)]. Such magnified photographs of droplets
(radius a = 35 um) clearly reveal that the coherent radiation is
: confined just within the liquid-air interface where optical feedback is
" highest. Laser-induced explosion of ethanol droplets containing laser
dye was observed at higher input intensities., Investigation of such
laser-induced explosion was carried out using an optical multichannel
5 analyzer (OMA) which can simultaneously provide spectral information

from many points along a line. It has been determined that lasing is
indeed confined within the droplet. Furthermore, it has bgen determined
) that the material containing flurorescent dye can be ejected from the

droplet in the form of plumes which are located in front of the shadow

face and/or in back of the illuminated face. These results have been
3 reported in a special issue of the Academia Sinica (publication #3) and
S in the Proceedings of the Second International Laser Science Conference

(publication #U4),

2. Nonlinear Optical Spectroscopy of Droplets

Since all nonlinear optical interactions are nonlinearly dependent

on the intensity, it was essential to make a detailed calculation of the
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internal-field and near-field distribution for micrometer-size droplets ﬁ
when electromagnetic waves with submicrometer wavelengths are incident *
on the droplets., The main conclusion of this study is that the droplet -

acts as a lens that causes a high field at three locations: (1) just

outside the droplet, in front of the shadow face with an intensity F'
enhancement of 103; (2) just within the droplet, near the shadow face g
with an intensity enhancement of 102; and (3) just within the droplet, g
near the illuminated face with an intensity enhancement of one-third ?
that of the conjugate spot within the shadow face, A detailed report of ;,
these calculations and experimental verification of the internal and xi
external high-intensity spots will be published in Applied Optics 3

e

(publication #5). .
The SRS line shape of the 0-H stretching mode of H2° in water 53

droplets containing structure-breaking and structure-forming ions was

investigated, The SRS radiation from the anions (NOE and CIOE within

the droplet) can be so intense that it can serve as the pump to excite :.

SRS of HZO and the next higher order Stokes of the anions. Reports of

these observations were made at two international conferences: the -

First World Congress on Particle Technology (publication #6); and the

Tenth International Conference on Raman Spectroscopy (publication #7).

Another manifestation of the intense internal field strength is spectral :S

R
broadening of the SRS and elastic scattering radiation. With CS2 o
droplets, such linewidth broadening is due to phase modulation assoc f

iated with the intensity-dependent index of refraction (n = n° + nZI).

which causes the liquid to have a time varying index of refraction &
My
- during the time the Raman and input radiation is traveling around the .
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droplet circumference,

(publication #8).

It is generally accepted that the laser-induced breakdown of air or
various gases is lowered by the presence of aerosols. However, contro-
versy exists in the literature regarding the location at which the laser-
induced breakdown is initiated, i.e., within the droplet or in the
surrounding gas outside the droplet. Whereas previous work relied on
taking photographs of the luminous flash associated with the breakdown
in the droplet or in the gas, the present work made use of the OMA to
provide spatially resolved spectra associated with the plasma continuum
and the discrete atomic emission lines, e.g., hydrogen Balmer lines when
the HZO breaks down and singly ionized nitrogen N(II) lines when air
breaks down. Depending on the breakdown strength of the liquid and the
surrounding gas, breakdown can be initiated first in the gas and then in
the liquid or breakdown can be initiated only within the liquid. The
location of laser-induced breakdown has been determined by noting the
location of the emission relative to the droplet interface. However,
once breakdown in the liquid has occurred, the internal plasma absorbs
the subsequent portion of the laser pluse, prevents the remaining laser
radiation from reaching the gas in front of the shadow face, and
produces an optical detonation wave which propagates toward the laser
beam away from the illuminated face, Color photographs of the two
plumes have been reproduced in an article highlighting our work at Yale
(Science News 130, 408 (1986)]). Some of these results have also been
published in Optics Letters (publication #9); others have been only

recently submitted to the same journal (publication #10).

A report of this result appeared in Optics Letters
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The internal and near-field calculations and the spatially resolved
spectroscopy of the breakdown emission at the two plumes and within the
droplet were helpful in providing information regarding the breakdown
mechanism and the generation of plumes by the associated shock wave
(propagating toward the front, away from the shadow face) and the
optical detonation wave (propagating toward the laser, away from the
illuminated face). The plasma density and temperature along a strip
which encompasses the two plumes can be deduced from the emission line
width (greatly Stark broadened) and relative emission ratios (assuming a
local thermodynamic equilibrium). A preliminary report of these results

has recently been submitted to Physical Review Letters (publication #11).

3. Three-Component Velocity Determination

;
130
Lfnnir o

Time-coded five-pulse laser volume holograms (in line) of silver-
coated phenolic resin microballoons flowing in a turbulent field have
been made. Time coding was used in order to distinguish the direction
of the particle trajectory., Five pulses were used to ensure that the
five bright dots were from the same particle flowing in a turbulent
field., Application of a silver coating (by chemical deposition) on the
microballoons significantly increased the contrast in the reconstructed
hologram between the bright background and the particle. An automated
optical pattern recognition scheme was used to transform the recon-
structed volume hologram image into digital information in a computer
and then to determine in an efficient manner the existence, location,
and orientation of a straight-line segment formed by the five bright

dots., After it has been determined that there is a straight line in the
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the length and direction of the line provide values for vy and vy, -
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oy Successive x-y planes are examined as a function of z. In principle, v, j,'-

X
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~.: can be determined from the five dots forming a straight line in succes- t
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sive x-y planes with different z values. Details of these results are ,’
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"Nonlinear Optical Interactions in Liquid Droplets during High Intensity

. Laser Propagation," International Conference on Optical and Millimeter
" Wave Propagation and Scattering in the Atmosphere, Florence, Italy,

L 5/28/86 (invited talk).

i

P "Droplet Characterization by Light Scattering," International Conference
g on Optical and Millimeter Wave Propagation and Scattering in the

Atmosphere, Florence, Italy, 5/30/86 (invited talk).

"Investigation of Superradiant LDV Markers and Three-Component Velocity
Mapping," Air Force Office of Scientific Research Workshop on Diagnostics
¥ of Reacting Flows, Stanford University, Stanford, CA, 6/17/86.

"Nonlinear Optical Effects and Breakdown of Water Droplets,™ CRDEC
“ Scientific Conference on Obscuration and Aerosol Research, Edgewood
Arsenal, MD, 6/25/86.

"Nonlinear QOptical Scattering with Droplets," Sanders Associates, Nashua,
N, 7/18/86,
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:. "Nonlinear Optical Spectroscopy with H,0 Droplets Containing NOE,"
- Conference on HAN-Based Liquid Propellant Structure and Properties,

» Aberdeen Proving Ground, MD, 7/29/86.

93 "Micrometer-Size Droplets as Optical Cavities: Lasing and Other Nonlinear
* Effects," Second International Laser Science Conference, Seattle, WA,
. 10/23/8 (plenary talk).
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{f Discussion with Dr. Fred Quelle at ONR Office, Boston, MA, regarding the
}&f applicability of research to DoD, 7/28/86.
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